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Abstract of JP2002252011 

PROBLEM TO BE SOLVED: To provide a fuel 
cell system which enables efficient power 
generation while keeping a moisture state 
inside the fuel cell optimal. SOLUTION: A 
moistening degree of oxygen supplied to the 
fuel cell 10 is controlled based on a demanded 
electric power amount Pr to the fuel cell 10 
and an internal resistance Rp of the fuel cell 
10 calculated from an output voltage value and 
output current value which have been detected 
with a voltage current detection means 13. 
When a ratio of the internal resistance Rp to 
an internal resistance theoretical value Rr of 
the fuel cell 10 exceeds a predetermined 
value, since it can be presumed that moisture 
is insufficient, the moistening degree of the 
oxygen supplied to the fuel cell 10 is increased 
in the predetermined amount. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] It is a fuel cell system equipped with the fuel cell (10) which carries out 
electrochemical reaction of hydrogen and the oxygen, and generates electrical 
energy. A humidification means to humidify oxygen at least among the hydrogen 
supplied to said fuel cell (10), and oxygen (22 24), An electrical-potential- 
difference current detection means to detect the output voltage value and output 
current value of said fuel cell (10) (13), It is based on the internal resistance value 
(Rp) of said fuel cell (10) calculated from the demand electric energy (Pr) over said 
fuel cell (10), said output voltage value detected with said electrical-potential- 
difference current detection means (13), and said output current value. The fuel 
cell system characterized by having the control section (40) which controls 
whenever [ humidification / of the oxygen supplied to said fuel cell (10) ]. 
[Claim 2] Said control section (40) is what performs the amount control of 
humidification so that whenever [ humidification / of the oxygen supplied to said 
fuel cell (10) ] may turn into whenever [ target humidification ]. The fuel cell 
system according to claim 1 characterized by carrying out the increment in a 
predetermined value of whenever [ said target humidification ] when the ratio of 
said internal resistance value (Rp) to the internal resistance theoretical value (Rr) 
of said fuel cell (10) in said demand electric energy (Pr) is over the predetermined 
value. 

[Claim 3] Said control section (40) is a fuel cell system according to claim 2 
characterized by carrying out the increment in a predetermined value of whenever 
[ said target humidification ] when the variation (deltaPr) of said demand electric 
energy (Pr) is over predetermined variation. 

[Claim 4] Said control section (40) is claim 1 characterized by setting up the initial 
value of whenever [ said target humidification ] highly as compared with the case 
where said current density is not over predetermined current density when the 
current density of said fuel cell (10) needed since said fuel cell (10) outputs said 
demand electric energy (Pr) is over predetermined current density thru/or the fuel 
cell system of any one publication of three. 

[Claim 5] Said humidification means is bubbling-type humidification equipment (22) 
which makes the water stored in the tank pass gas. Said humidification equipment 
(22) is equipped with the bypass path (20a) for which the oxygen supplied to said 
fuel cell (10) can bypass said humidification equipment. Said control section (40) 



http://www4jpdl.inpit.gojp/cgi^ 2007/10/25 



' JP.2002-25201 1 ,A [CLAIMS] 



2/2 ^— v 



Claim 1 characterized by for said oxygen controlling the rate of the time amount 
which passes said humidification equipment (22), and the time amount which 
passes said bypass path (20a), and controlling whenever [ humidification / of said 
oxygen ] thru/or the fuel cell system of any one publication of four. 
[Claim 6] They are claim 1 which said humidification means is injector-type 
humidification equipment (24) which injects water into the oxygen supplied to said 
fuel cell (10), and is characterized by for said control section (40) controlling the 
moisture injection quantity of said humidification equipment (24), and controlling 
whenever [ humidification / of said oxygen ] thru/or the fuel cell system of any 
one publication of four. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention applies [ to mobiles, such as a car, a vessel, 
and a portable electric organ, ] about the fuel cell system which consists of a fuel 
cell which generates electrical energy by the chemical reaction of hydrogen and 
oxygen and is effective. 
[0002] 

[Description of the Prior Art] For example, in the fuel cell system carried in an 
electric vehicle, the amount of hydrogen and the amount of oxygen (air content) 
for generating the power which a fuel cell needs for car transit are drawn, and 
these gas is supplied to the fuel cell. 

[0003] It is known that the internal resistance of the fuel cell at the time of a 
generation of electrical energy will influence the wettability of the electrolyte 
membrane inside a fuel cell, when sufficient humidity is not acquired but an 
electrolyte membrane dries, internal resistance becomes large and the power loss 
in a fuel cell increases. For this reason, in order to perform an efficient electric 
power supply, it is necessary to supply, where hydrogen and air are humidified and 
to maintain the humidity inside a fuel cell. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the present condition, 
control of the amount of humidification to the hydrogen and air which are supplied 
to a fuel cell is not performed. For this reason, lack or the case where it becomes 
superfluous has the moisture inside a fuel cell to the load which changes with time. 

[0005] Drawing 12 shows the relation of the load to a fuel cell, a eel electrical 
potential difference, average current density, and the humidity of the air supplied, 
and when a load increases rapidly, if the moisture contents inside a fuel cell run 
short, the output of a fuel cell will decline. Thus, when moisture runs short, there is 
a problem that internal resistance increases and the output and generating 
efficiency of a fuel cell fall. 

[0006] Moreover, there is a problem that the output of a fuel cell declines, without 
the water condensed in the interior of a fuel cell closing a gas passageway, and the 
gas for a generation of electrical energy spreading enough, or a generation of 
electrical energy is impossible by the water condensed at the time of low 
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temperature being frozen, and starting becomes difficult when moisture is 
superfluous. 

[0007] In view of the above-mentioned trouble, this invention keeps the moisture 
condition inside a fuel cell the optimal, and aims at offering the fuel cell system 
which enables an efficient generation of electrical energy. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
in invention according to claim 1 It is a fuel cell system equipped with the fuel cell 
(10) which carries out electrochemical reaction of hydrogen and the oxygen, and 
generates electrical energy. A humidification means to humidify oxygen at least 
among the hydrogen supplied to a fuel cell (10), and oxygen (22 24), An electrical- 
potential-difference current detection means to detect the output voltage value 
and output current value of a fuel cell (10) (13), It is based on the internal 
resistance value (Rp) of the fuel cell (10) calculated from the demand electric 
energy (Pr) over a fuel cell (10), and the output voltage value and output current 
value detected with the electrical-potential-difference current detection means 
(13). It is characterized by having the control section (40) which controls whenever 
[ humidification / of the oxygen supplied to a fuel cell (10) ]. 

[0009] Thus, the wettability of the electrolyte membrane inside a fuel cell (10) can 
be maintained at an optimum state by controlling whenever [ humidification / of 
oxygen ] based on the demand electric energy (Pr) over a fuel cell (10), and the 
internal resistance value (Rp) of a fuel cell (10). In addition, "oxygen" includes the 
air not only containing an oxygen gas independent but oxygen gas in this 
specification. 

[0010] Moreover, by invention according to claim 2, since it can presume that the 
moisture in a fuel cell is insufficient when the internal resistance value of a fuel 
cell (10) is large, when the ratio of an internal resistance value (Rp) to the internal 
resistance theoretical value (Rr) of the fuel cell (10) in demand electric energy (Pr) 
is over the predetermined value, the increment in a predetermined value of 
whenever [ target humidification ] is carried out. 

[001 1] Moreover, by invention according to claim 3, since the moisture in a fuel cell 
runs short when the load effect of a fuel cell is large (i.e., when fluctuation of the 
demand electric energy over a fuel cell is large), when the variation (deltaPr) of 
demand electric energy (Pr) is over predetermined variation, the increment in a 
predetermined value of whenever [ target humidification / of oxygen ] is carried 
out. 

[0012] Moreover, in invention according to claim 4, the control section (40) is 
characterized by setting up the initial value of whenever [ target humidification ] 
highly as compared with the case where current density is not over predetermined 
current density, when the current density of the fuel cell (10) needed since a fuel 
cell (10) outputs demand electric energy (Pr) is over predetermined current 
density. 

[0013] Thus, whenever [ air target humidification ] can be made into a quicker 
suitable value by setting up the initial value of whenever [ air target 
humidification ] low at the time of low loading, and setting it up highly at the time 
of a heavy load. In addition, it may replace with the current density of a fuel cell 
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(10), and the initial value of whenever [ target humidification ] may be set up based 
on the demand electric energy over a fuel cell. 

[0014] Moreover, a humidification means can use the bubbling-type humidification 
equipment (22) which passes gas for the water stored in the tank like invention 
according to claim 5, or can use the injector-type humidification equipment (24) 
which injects water for the oxygen supplied to a fuel cell (10) like invention 
according to claim 6. 

[0015] In addition, the sign in the parenthesis of each above-mentioned means 
shows correspondence relation with the concrete means of a publication to the 
operation gestalt mentioned later. 
[0016] 

[Embodiment of the Invention] (The 1 st operation gestalt) The 1 st operation 
gestalt of this invention is hereafter explained based on drawing 1 - drawing 8 . A 
**** 1 operation gestalt applies a fuel ceH system to the electric vehicle (fuel cell 
car) which runs a fuel cell as a power source. 

[0017] Drawing 1 shows the whole fuel cell system configuration of an operation 
gestalt. As shown in drawing 1 , the fuel cell system of this operation gestalt is 
equipped with the fuel cell (FC stack) 10 which generates power using the 
electrochemical reaction of hydrogen and oxygen. The solid-state polyelectrolyte 
mold fuel cell is used as a FC stack 10, two or more laminatings of the eel used as 
a base unit are carried out, and it consists of **** 1 operation gestalten. Each eel 
has the composition that the electrolyte membrane was inserted with the 
electrode of a pair. 

[0018] In the FC stack 10, the electrochemical reaction of the following hydrogen 
and oxygen occurs and electrical energy occurs. 

(Negative-electrode side) The H2 ->2H++2e-(positive~electrode side) 
2H++1/202+2e— >H20FC stack 10 is constituted so that power may be supplied 
to electrical machinery and apparatus, such as an inverter 1 1 and a rechargeable 
battery which is not illustrated. An inverter 1 1 changes into alternating current the 
direct current supplied from the FC stack 10, supplies it to a drive motor (load) 12, 
and is driving the motor 12. Drawin g 2 is the enlarged drawing of the electrical- 
potential-difference current detecting element of the FC stack 10 in a fuel cell 
system, and as shown in drawing 2 , the electrical-potential-difference current 
detecting element 13 which detects the output voltage value and output current 
value of the FC stack 10 is formed in the FC stack 10. 

[0019] Drawing 3 is the enlarged drawing of the gas supply section in a fuel cell 
system. As shown in drawing 3 , the air path 20 for supplying air (oxygen) to the 
oxygen pole (positive electrode) side of the FC stack 10 and the hydrogen path 30 
for supplying hydrogen to the hydrogen pole (negative electrode) side of the FC 
stack 10 are formed in the fuel cell system. Air supply equipment 21 is formed in 
the air path 20, and the hydrogen feeder 31 is formed in the hydrogen path 30. As 
air supply equipment 21, the blower for air feeding (gas-compression machine) can 
be used, for example, and steam-reforming equipment can be used as a hydrogen 
feeder 31, for example. 

[0020] It is necessary to make the electrolyte membrane in the FC stack 10 into 
the damp or wet condition containing moisture for the electrochemical reaction at 
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the time of a generation of electrical energy. For this reason, the humidification 
equipment 22 for humidifying to air is formed in the air path 20. Similarly, the 
humidification equipment 32 for humidifying in hydrogen is formed in the hydrogen 
path 30. As shown in drawing 3 , with the **** 1 operation gestalt, the 
humidification equipment of the bubbling method which the water in a tank is made 
to pass gas and is humidified in it is used for the humidification equipments 22 and 
32. 

[0021] Humidification is performed in the hydrogen which passes the air and the 
hydrogen path 30 of passing the air path 20, with these humidification equipments 
22 and 32, and the air and hydrogen which were humidified are supplied to the FC 
stack 10. By this, the FC stack 10 interior will operate by the damp or wet 
condition. 

[0022] In the fuel cell system of a **** 1 operation gestalt, as shown in drawing 3 , 
the bypass paths 20a and 30a of the humidification equipments 22 and 32 are 
formed in the air path 20 and the hydrogen path 30, respectively. The passage 
selector valves 23 and 33 are formed in the branch point of each gas paths 20 and 
30 and bypass paths 20a and 30a. the passage selector valves 23 and 33 — it is 
constituted so that gas may be passed to humidification equipment 21 and 31 side 
and gas may be passed to the bypass path 20a and 30a side in a sink and bulb-off 
by bulb^on. 

[0023] Here, the amount control of humidification to the air or hydrogen by the 
humidification equipments 22 and 32 is explained. The amount control of 
humidification of the gas supplied to the FC stack 10 carries out duty ratio control 
of the passage selector valves 23 and 33, and is performed because gas controls 
the time amount rate of passing through the humidification equipments 22 and 32 
and the bypass paths 20a and 30a. 

[0024] Drawin g 4 is the control explanatory view of the humidification equipments 
22 and 32. Drawin g 4 (a) is the map which set up beforehand the relation between 
Hr (%RH: relative humidity) and the bulb-on duty Dt (%) whenever [ target 
humidification ], and drawing 4 (b) shows the relation between the valve-action 
period Tp (second) and the bulb-on time amount Ton (second). The bulb-on duty 
Dt is the rate of the bulb-on time amount Ton in the valve-action period Tp. The 
map of drawing 4 (a) is suitably set up according to the class of humidification 
equipments 22 and 32 etc. The valve-action period Tp can be set as arbitration, 
and is made into Tp= 5 seconds with this operation gestalt. 
[0025] Based on whenever [ target humidification ], the bulb-on duty Dt is 
searched for from the map of drawing 4 (a), and the bulb-on time amount Ton over 
the valve-action period Tp is found by Ton=TpxDt/100 (second). 
[0026] Drawin g 5 shows the migration condition of the moisture in the FC stack 10 
interior. As shown in drawing 5 , in the FC stack 10 interior, the moisture by the 
side of air pole 10c diffuses the inside of electrolyte membrane 10b in the 
hydrogen pole 10a side from the air pole 10c side. The conductivity of electrolyte 
membrane 10b will be kept to some extent large by this moisture diffusion. 
[0027] Drawin g 6 shows the relation of hydrogen humidity (%RH) in case air 
humidity is 100%RH, current density (A/cm2), and single cell voltage (V). Drawin g 6 
shows that the relation between current density and a eel electrical potential 
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difference hardly receives effect in change of hydrogen humidity. 
[0028] Therefore, by the fuel cell system of a **** 1 operation gestalt, the amount 
of humidification of hydrogen is reduced as much as possible, and humidity control 
of the FC stack 10 interior is performed by mainly controlling the amount of 
humidification of air. 

[0029] The control section (ECU) 40 which performs various control is formed in 
the fuel cell system of this operation gestalt. The control section 40 is equipped 
with the desired value operation part 41 which calculates whenever [ target 
humidification / of gas ], and the amount control section 42 of humidification which 
controls the amount of gas humidification based on whenever [ target 
humidification ]. An electrical-potential-difference value, a current value, etc. from 
a demand power signal and the electrical-potential-difference current detecting 
element 13 from a load 1 1 are inputted into a control section 40. Moreover, the 
control section 50 is constituted so that a control signal may be outputted to an 
inverter 1 1, gas transfer units 21 and 31, the passage selector valve 23, and 33 
grades. 

[0030] Next, actuation of the fuel cell system of the above-mentioned 
configuration is explained based on drawing 7 . Drawing 7 is a flow chart which 
shows actuation of the fuel cell system of this operation gestalt. In addition, let 
control periods be several mm second - dozens mses. 

[0031] First, the target humidity Hh of hydrogen is set up (step S10), and the 
target humidity basic value Hbo of air is set up (step S1 1). The hydrogen target 
humidity Hh is set for example, as RH 20%, and the air target humidity basic value 
Hbo is set for example, as RH 30%. The initial value of the air target humidity 
correction value Hfbo is set as 0 (step S12). 

[0032] Next, based on signals, such as accelerator opening, the vehicle speed, and 
a brake, the demand power Pr needed for car transit is detected (step S13). 
Difference deltaPr with the demand power Pr at the time of control (t-1) is 
computed the current demand power Pr (t) and last time (step S14), and it judges 
whether variation deltaPr of demand power is over the predetermined value alpha 
(for example, 5kW) (step S15). That is, it judges whether the load effect to the FC 
stack 10 is rapid increase. 

[0033] Consequently, when variation deltaPr of demand power is over the 
predetermined value alpha, first, the electrical-potential-difference current 
detecting element 13 detects the current output voltage value **** and the 
current output current value Ip of the FC stack 10 (step S16), and the current 
internal resistance value Rp of the FC stack 10 is computed by Rp=****/Ip (step 

517) . 

[0034] Next, the internal resistance reference value Rr of the FC stack 10 in the 
demand power Pr detected at the above-mentioned step S13 is calculated (step 

518) . Drawing 8 is the map which set up beforehand the relation between the 
demand power Pr and the internal resistance value Rr of the FC stack 10. From 
the map shown in drawin g 8 , the internal resistance reference value Rr when the 
FC stack 10 outputs the demand power Pr is calculated. 

[0035] Next, it judges whether the ratio to the internal resistance reference value 
Rr in the demand power Pr of the current internal resistance value Rp is over the 
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predetermined value beta (for example, 110%), and whether it is Rp/Rr>=beta (step 
S19). That is, it judges whether the actual internal resistance value Rp is too large 
to the internal resistance reference value Rr which is an internal resistance 
theoretical value to the demand electric energy Pr. 

[0036] Consequently, since it is presumed that the actual internal resistance value 
Rp runs short of the moisture contents in the FC stack 10 beyond the 
predetermined value to the internal resistance reference value Rr in being large, 
only the predetermined value gamma (for example, 1%RH) makes the air target 
humidity correction value Hfbo increase (step S20). 

[0037] On the other hand, since it is presumed to the internal resistance reference 
value Rr that the moisture contents in the FC stack 10 are insufficient when the 
current internal resistance value Rp is smaller than a predetermined value, only the 
predetermined value gamma decreases the air target humidity correction value 
Hfbo (step S21). Moreover, also when variation deltaPr of demand power is not 
over the predetermined value alpha at the above-mentioned step S15, only the 
predetermined value gamma decreases the air target humidity correction value 
Hfbo similarly. It can prevent that the amount of air humidification to which it is 
made to increase at step S20 increases to infinity by this. 

[0038] Next, it asks for the final air target humidity Ho from the sum of the air 
target humidity basic value Hbo and the air target humidity correction value Hfbo 
(step S22). A bound value is set as this air target humidity Ho (step S23). That is, 
when the air target humidity Ho is smaller than 0%RH, it is set as RH 0%, and in 
being larger than 100%RH, it sets it as RH 100%. 

[0039] Next, based on the air target humidity Ho and the hydrogen target humidity 
Hh, the humidification equipments 22 and 32 perform humidification control of air 
or hydrogen (step S24). As mentioned above, humidification control is performed 
by the duty ratio control using the passage selector valves 23 and 33 so that 
whenever [ humidification / of the air and hydrogen which are supplied to the FC 
stack 10 ] may turn into the air target humidity Ho and the hydrogen target 
humidity Hh. Hereafter, it carries out by repeating the control loop of the above- 
mentioned steps S13-S24. 

[0040] As mentioned above, an internal resistance value is presumed according to 
the condition of a load, and it becomes possible by controlling the amount of 
humidification of gas based on this internal resistance value to always make the 
optimal the moisture condition of the FC stack 1 0 interior. Thereby, an efficient 
generation of electrical energy is attained. Moreover, since the moisture content 
inside a fuel cell can be lessened, the starting nature of the fuel cell at the time of 
low temperature can also be raised. 

[0041] In addition, the hydrogen target humidity Hh, the air target humidity basic 
value Hbo, and the predetermined values alpha, beta, and gamma are values which 
can be set as arbitration according to the class of fuel cell etc. 
[0042] (The 2nd operation gestalt) Next, the 2nd operation gestalt of this invention 
is explained based on drawin g 9 . It differs in that the humidification equipment 32 
with which the **** 2 operation gestalt was prepared in the hydrogen path 30 as 
compared with the above-mentioned 1st operation gestalt was omitted. The same 
part as the above-mentioned 1st operation gestalt attaches the same sign, and 
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omits explanation. 

[0043] Drawing 9 shows the whole fuel cell system configuration of a **** 2 
operation gestalt. As the above-mentioned 1st operation gestalt explained based 
on drawing 5 and drawin g 6 , the output of a fuel cell hardly receives effect in the 
humidity of supply hydrogen. For this reason, as shown in drawin g 9 , in the fuel 
cell system of a **** 2 operation gestalt, humidification equipment is not formed in 
the hydrogen path 30, but humidification equipment 22 is formed only in the air 
path 20, and humidity control of the FC stack 10 interior is performed by 
controlling the amount of humidification of a supply air. 

[0044] In the FC stack 10 interior, since the moisture by the side of an air pole 
diffuses the inside of an electrolyte membrane in a hydrogen pole side, the 
conductivity of an electrolyte membrane is kept to some extent large by such 
configuration. Therefore, the same effectiveness as the fuel cell system of the 
above-mentioned 1st operation gestalt can be acquired also by the configuration 
of a **** 2 operation gestalt. Moreover, according to the configuration of a **** 2 
operation gestalt, simplification of a system can be attained. 

[0045] (The 3rd operation gestalt) Next, the 3rd operation gestalt of this invention 
is explained based on drawing 10 . As compared with the above-mentioned 1st 
operation gestalt, as for a **** 3 operation gestalt, the setting approaches of the 
air target humidity basic value Hbo differ. The same part as the above-mentioned 
1st operation gestalt attaches the same sign, and omits explanation. 
[0046] Drawing 10 is a flow chart which shows the configuration procedure of the 
air target humidity basic value Hbo, and supports step S11 of drawing 7 explained 
with the above-mentioned 1st operation gestalt. Hereafter, based on drawing 10 , 
the setting approach of the air target humidity basic value Hbo in a **** 3 
operation gestalt is explained. 

[0047] First, based on signals, such as accelerator opening, accelerator opening, 
the vehicle speed, and a brake, the demand electric energy Pr needed for car 
transit is detected (step S1 10). Next, the current density Ir required since the FC 
stack 10 outputs the demand electric energy Pr is computed (step S1 1 1). The 
need [ of receiving the demand electric energy Pr ] current density Ir becomes 
settled uniquely according to the class of inverter 1 1. 

[0048] Next, it judges whether the load to whether the need current density Ir is 
over predetermined current density and the FC stack 10 is a heavy load, or it is 
low loading (step S112). The predetermined current density which is the reference 
value of whether it is a heavy load or to be low loading is the value which can be 
set as arbitration according to the class of fuel cell etc., for example, as shown in 
drawing 12 , it can be set up with 0.3 A/cm2. 

[0049] Consequently, when the need current density Ir is over the predetermined 
value, the air target humidity basic value Hbo is set for example, as RH 80 to 100% 
(step S1 13). On the other hand, when the need current density Ir is not over the 
predetermined value, the air target humidity basic value Hbo is set for example, as 
RH 20 to 30% (step S1 14). It is the value which can also set these values as 
arbitration according to the class of fuel cell etc. 

[0050] Thus, Ho can be made into a quicker suitable value whenever [ air target 
humidification ] by setting up the initial value of the air target humidity Ho low at 
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the time of low loading, and setting it up highly at the time of a heavy load. 
[0051] (The 4th operation gestalt) Next, the 4th operation gestalt of this invention 
is explained based on drawing 1 1 . As for a **** 4 operation gestalt, the 
configurations of the humidification equipments 22 and 32 differ as compared with 
the above-mentioned 1st operation gestalt. The same part as the above- 
mentioned 1st operation gestalt attaches the same sign, and omits explanation. 
[0052] Drawing 1 1 is the schematic diagram of the fuel cell system of a **** 4 
operation gestalt. The same part as the above-mentioned 1st operation gestalt is 
omitting illustration suitably. 

[0053] As shown in drawing 1 1 , with the **** 4 operation gestalt, the injector- 
type gas humidification equipments 24 and 34 are formed. Pure water is supplied 
from the pure tank 14, and the injector type humidification equipments 24 and 34 
inject water in a gas passageway 20 and 30 based on the control signal from a 
control section 40, and they are constituted so that it may humidify in gas. Based 
on the air target humidity Ho and the hydrogen target humidity Hh, the moisture 
injection quantity is controlled by the injector type humidification equipments 24 
and 34. 

[0054] Responsibility becomes possible [ performing highly precise humidification 
control ] well more by using such injector type humidification equipments 24 and 
34. 

[0055] (Other operation gestalten) although controlled in addition by establishing 
the bypass paths 20a and 30a in the bubbling type humidification equipments 22 
and 32, and carrying out duty ratio control whenever [ humidification ] with the 
above 1st - the 3rd operation gestalt — not only this — for example, humidity 
control can be performed also by adjusting the temperature of the humidified gas. 
By raising gas temperature, humidity can be made low and, specifically, humidity 
can be made high by lowering gas temperature. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention applies [ to mobiles, such as a car, a vessel, 
and a portable electric organ, ] about the fuel cell system which consists of a fuel 
cell which generates electrical energy by the chemical reaction of hydrogen and 
oxygen and is effective. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] For example, in the fuel cell system carried in an 
electric vehicle, the amount of hydrogen and the amount of oxygen (air content) 
for generating the power which a fuel cell needs for car transit are drawn, and 
these gas is supplied to the fuel cell. 

[0003] It is known that the internal resistance of the fuel cell at the time of a 
generation of electrical energy will influence the wettability of the electrolyte 
membrane inside a fuel cell, when sufficient humidity is not acquired but an 
electrolyte membrane dries, internal resistance becomes large and the power loss 
in a fuel cell increases. For this reason, in order to perform an efficient electric 
power supply, it is necessary to supply, where hydrogen and air are humidified and 
to maintain the humidity inside a fuel cell. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, in the present condition, 
control of the amount of humidification to the hydrogen and air which are supplied 
to a fuel cell is not performed. For this reason, lack or the case where it becomes 
superfluous has the moisture inside a fuel cell to the load which changes with time. 

[0005] Drawing 12 shows the relation of the load to a fuel cell, a eel electrical 
potential difference, average current density, and the humidity of the air supplied, 
and when a load increases rapidly, if the moisture contents inside a fuel cell run 
short, the output of a fuel cell will decline. Thus, when moisture runs short, there is 
a problem that internal resistance increases and the output and generating 
efficiency of a fuel cell fall. 

[0006] Moreover, there is a problem that the output of a fuel cell declines, without 
the water condensed in the interior of a fuel cell closing a gas passageway, and the 
gas for a generation of electrical energy spreading enough, or a generation of 
electrical energy is impossible by the water condensed at the time of low 
temperature being frozen, and starting becomes difficult when moisture is 
superfluous. 

[0007] In view of the above-mentioned trouble, this invention keeps the moisture 
condition inside a fuel cell the optimal, and aims at offering the fuel cell system 
which enables an efficient generation of electrical energy. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
in invention according to claim 1 It is a fuel cell system equipped with the fuel cell 
(10) which carries out electrochemical reaction of hydrogen and the oxygen, and 
generates electrical energy. A humidification means to humidify oxygen at least 
among the hydrogen supplied to a fuel cell (10), and oxygen (22 24), An electrical- 
potential-difference current detection means to detect the output voltage value 
and output current value of a fuel cell (10) (13), It is based on the internal 
resistance value (Rp) of the fuel cell (10) calculated from the demand electric 
energy (Pr) over a fuel cell (10), and the output voltage value and output current 
value detected with the electrical-potential-difference current detection means 
(13). It is characterized by having the control section (40) which controls whenever 
[ humidification / of the oxygen supplied to a fuel cell (10) ]. 

[0009] Thus, the wettability of the electrolyte membrane inside a fuel cell (10) can 
be maintained at an optimum state by controlling whenever [ humidification / of 
oxygen ] based on the demand electric energy (Pr) over a fuel cell (10), and the 
internal resistance value (Rp) of a fuel cell (10). In addition, "oxygen" includes the 
air not only containing an oxygen gas independent but oxygen gas in this 
specification. 

[0010] Moreover, by invention according to claim 2, since it can presume that the 
moisture in a fuel cell is insufficient when the internal resistance value of a fuel 
cell (10) is large, when the ratio of an internal resistance value (Rp) to the internal 
resistance theoretical value (Rr) of the fuel cell (10) in demand electric energy (Pr) 
is over the predetermined value, the increment in a predetermined value of 
whenever [ target humidification ] is carried out. 

[001 1] Moreover, by invention according to claim 3, since the moisture in a fuel cell 
runs short when the load effect of a fuel cell is large (i.e., when fluctuation of the 
demand electric energy over a fuel cell is large), when the variation (deltaPr) of 
demand electric energy (Pr) is over predetermined variation, the increment in a 
predetermined value of whenever [ target humidification / of oxygen ] is carried 
out. 

[0012] Moreover, in invention according to claim 4, the control section (40) is 
characterized by setting up the initial value of whenever [ target humidification ] 
highly as compared with the case where current density is not over predetermined 
current density, when the current density of the fuel cell (10) needed since a fuel 
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cell (10) outputs demand electric energy (Pr) is over predetermined current 
density. 

[0013] Thus, whenever [ air target humidification ] can be made into a quicker 
suitable value by setting up the initial value of whenever [ air target 
humidification ] low at the time of low loading, and setting it up highly at the time 
of a heavy load. In addition, it may replace with the current density of a fuel cell 
(10), and the initial value of whenever [ target humidification ] may be set up based 
on the demand electric energy over a fuel cell. 

[0014] Moreover, a humidification means can use the bubbling-type humidification 
equipment (22) which passes gas for the water stored in the tank like invention 
according to claim 5, or can use the injector-type humidification equipment (24) 
which injects water for the oxygen supplied to a fuel cell (10) like invention 
according to claim 6. 

[0015] In addition, the sign in the parenthesis of each above-mentioned means 
shows correspondence relation with the concrete means of a publication to the 
operation gestalt mentioned later. 
[0016] 

[Embodiment of the Invention] (The 1st operation gestalt) The 1st operation 
gestalt of this invention is hereafter explained based on drawing 1 - drawin g 8 . A 
**** 1 operation gestalt applies a fuel cell system to the electric vehicle (fuel cell 
car) which runs a fuel cell as a power source. 

[0017] Drawing 1 shows the whole fuel cell system configuration of an operation 
gestalt. As shown in drawing 1 , the fuel cell system of this operation gestalt is 
equipped with the fuel cell (FC stack) 10 which generates power using the 
electrochemical reaction of hydrogen and oxygen. The solid-state polyelectrolyte 
mold fuel cell is used as a FC stack 10, two or more laminatings of the eel used as 
a base unit are carried out, and it consists of **** 1 operation gestalten. Each eel 
has the composition that the electrolyte membrane was inserted with the 
electrode of a pair. 

[0018] In the FC stack 10, the electrochemical reaction of the following hydrogen 
and oxygen occurs and electrical energy occurs. 

(Negative-electrode side) The H2 ->2H++2e-(positive-electrode side) 
2H++1/202+2e— >H20FC stack 10 is constituted so that power may be supplied 
to electrical machinery and apparatus, such as an inverter 1 1 and a rechargeable 
battery which is not illustrated. An inverter 1 1 changes into alternating current the 
direct current supplied from the FC stack 10, supplies it to a drive motor (load) 12, 
and is driving the motor 12. Drawing 2 is the enlarged drawing of the electrical- 
potential-difference current detecting element of the FC stack 10 in a fuel cell 
system, and as shown in drawing 2 , the electrical-potential-difference current 
detecting element 13 which detects the output voltage value and output current 
value of the FC stack 10 is formed in the FC stack 10. 

[0019] Drawin g 3 is the enlarged drawing of the gas supply section in a fuel cell 
system. As shown in drawing 3 , the air path 20 for supplying air (oxygen) to the 
oxygen pole (positive electrode) side of the FC stack 10 and the hydrogen path 30 
for supplying hydrogen to the hydrogen pole (negative electrode) side of the FC 
stack 10 are formed in the fuel cell system. Air supply equipment 21 is formed in 
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the air path 20, and the hydrogen feeder 31 is formed in the hydrogen path 30. As 
air supply equipment 21, the blower for air feeding (gas-compression machine) can 
be used, for example, and steam-reforming equipment can be used as a hydrogen 
feeder 31, for example. 

[0020] It is necessary to make the electrolyte membrane in the FC stack 10 into 
the damp or wet condition containing moisture for the electrochemical reaction at 
the time of a generation of electrical energy. For this reason, the humidification 
equipment 22 for humidifying to air is formed in the air path 20. Similarly, the 
humidification equipment 32 for humidifying in hydrogen is formed in the hydrogen 
path 30. As shown in drawing 3 , with the **** 1 operation gestalt, the 
humidification equipment of the bubbling method which the water in a tank is made 
to pass gas and is humidified in it is used for the humidification equipments 22 and 
32. 

[0021] Humidification is performed in the hydrogen which passes the air and the 
hydrogen path 30 of passing the air path 20, with these humidification equipments 
22 and 32, and the air and hydrogen which were humidified are supplied to the FC 
stack 10. By this, the FC stack 10 interior will operate by the damp or wet 
condition. 

[0022] In the fuel cell system of a **** 1 operation gestalt, as shown in drawin g 3 , 
the bypass paths 20a and 30a of the humidification equipments 22 and 32 are 
formed in the air path 20 and the hydrogen path 30, respectively. The passage 
selector valves 23 and 33 are formed in the branch point of each gas paths 20 and 
30 and bypass paths 20a and 30a. the passage selector valves 23 and 33 — it is 
constituted so that gas may be passed to humidification equipment 21 and 31 side 
and gas may be passed to the bypass path 20a and 30a side in a sink and bulb-off 
by bulb-on. 

[0023] Here, the amount control of humidification to the air or hydrogen by the 
humidification equipments 22 and 32 is explained. The amount control of 
humidification of the gas supplied to the FC stack 10 carries out duty ratio control 
of the passage selector valves 23 and 33, and is performed because gas controls 
the time amount rate of passing through the humidification equipments 22 and 32 
and the bypass paths 20a and 30a. 

[0024] Drawing 4 is the control explanatory view of the humidification equipments 
22 and 32. Drawin g 4 (a) is the map which set up beforehand the relation between 
Hr (%RH: relative humidity) and the bulb-on duty Dt (%) whenever [ target 
humidification ], and drawing 4 (b) shows the relation between the valve-action 
period Tp (second) and the bulb-on time amount Ton (second). The bulb-on duty 
Dt is the rate of the bulb-on time amount Ton in the valve-action period Tp. The 
map of drawin g 4 (a) is suitably set up according to the class of humidification 
equipments 22 and 32 etc. The valve-action period Tp can be set as arbitration, 
and is made into Tp= 5 seconds with this operation gestalt. 
[0025] Based on whenever [ target humidification ], the bulb-on duty Dt is 
searched for from the map of drawin g 4 (a), and the bulb-on time amount Ton over 
the valve-action period Tp is found by Ton=TpxDt/100 (second). 
[0026] Drawing 5 shows the migration condition of the moisture in the FC stack 10 
interior. As shown in drawing 5 , in the FC stack 10 interior, the moisture by the 
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side of air pole 10c diffuses the inside of electrolyte membrane 10b in the 
hydrogen pole 10a side from the air pole 10c side. The conductivity of electrolyte 
membrane 10b will be kept to some extent large by this moisture diffusion. 
[0027] Drawing 6 shows the relation of hydrogen humidity (%RH) in case air 
humidity is 100%RH f current density (A/cm2) f and single cell voltage (V). Drawing 6 
shows that the relation between current density and a eel electrical potential 
difference hardly receives effect in change of hydrogen humidity. 
[0028] Therefore, by the fuel cell system of a **** 1 operation gestalt, the amount 
of humidification of hydrogen is reduced as much as possible, and humidity control 
of the FC stack 10 interior is performed by mainly controlling the amount of 
humidification of air. 

[0029] The control section (ECU) 40 which performs various control is formed in 
the fuel cell system of this operation gestalt. The control section 40 is equipped 
with the desired value operation part 41 which calculates whenever [ target 
humidification / of gas ], and the amount control section 42 of humidification which 
controls the amount of gas humidification based on whenever [ target 
humidification ]. An electrical-potential-difference value, a current value, etc. from 
a demand power signal and the electrical-potential-difference current detecting 
element 13 from a load 11 are inputted into a control section 40. Moreover, the 
control section 50 is constituted so that a control signal may be outputted to an 
inverter 11, gas transfer units 21 and 31, the passage selector valve 23, and 33 
grades. 

[0030] Next, actuation of the fuel cell system of the above-mentioned 
configuration is explained based on drawing 7 . Drawing 7 is a flow chart which 
shows actuation of the fuel cell system of this operation gestalt. In addition, let 
control periods be several mm second - dozens mses. 

[0031] First, the target humidity Hh of hydrogen is set up (step S10), and the 
target humidity basic value Hbo of air is set up (step S1 1). The hydrogen target 
humidity Hh is set for example, as RH 20%, and the air target humidity basic value 
Hbo is set for example, as RH 30%. The initial value of the air target humidity 
correction value Hfbo is set as 0 (step S12). 

[0032] Next, based on signals, such as accelerator opening, the vehicle speed, and 
a brake, the demand power Pr needed for car transit is detected (step S13). 
Difference deltaPr with the demand power Pr at the time of control (t-1) is 
computed the current demand power Pr (t) and last time (step S14), and it judges 
whether variation deltaPr of demand power is over the predetermined value alpha 
(for example, 5kW) (step S15). That is, it judges whether the load effect to the FC 
stack 10 is rapid increase. 

[0033] Consequently, when variation deltaPr of demand power is over the 
predetermined value alpha, first, the electrical-potential-difference current 
detecting element 13 detects the current output voltage value **** and the 
current output current value Ip of the FC stack 10 (step S16), and the current 
internal resistance value Rp of the FC stack 10 is computed by Rp=****/Ip (step 
S17). 

[0034] Next, the internal resistance reference value Rr of the FC stack 10 in the 
demand power Pr detected at the above-mentioned step S13 is calculated (step 
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518) . Drawin g 8 is the map which set up beforehand the relation between the 
demand power Pr and the internal resistance value Rr of the FC stack 10. From 
the map shown in drawing 8 , the internal resistance reference value Rr when the 
FC stack 10 outputs the demand power Pr is calculated. 

[0035] Next, it judges whether the ratio to the internal resistance reference value 
Rr in the demand power Pr of the current internal resistance value Rp is over the 
predetermined value beta (for example, 1 10%), and whether it is Rp/Rr>=beta (step 

519) . That is, it judges whether the actual internal resistance value Rp is too large 
to the internal resistance reference value Rr which is an internal resistance 
theoretical value to the demand electric energy Pr. 

[0036] Consequently, since it is presumed that the actual internal resistance value 
Rp runs short of the moisture contents in the FC stack 10 beyond the 
predetermined value to the internal resistance reference value Rr in being large, 
only the predetermined value gamma (for example, 1%RH) makes the air target 
humidity correction value Hfbo increase (step S20). 

[0037] On the other hand, since it is presumed to the internal resistance reference 
value Rr that the moisture contents in the FC stack 10 are insufficient when the 
current internal resistance value Rp is smaller than a predetermined value, only the 
predetermined value gamma decreases the air target humidity correction value 
Hfbo (step S21). Moreover, also when variation deltaPr of demand power is not 
over the predetermined value alpha at the above-mentioned step S15, only the 
predetermined value gamma decreases the air target humidity correction value 
Hfbo similarly. It can prevent that the amount of air humidification to which it is 
made to increase at step S20 increases to infinity by this. 

[0038] Next, it asks for the final air target humidity Ho from the sum of the air 
target humidity basic value Hbo and the air target humidity correction value Hfbo 
(step S22). A bound value is set as this air target humidity Ho (step S23). That is, 
when the air target humidity Ho is smaller than 0%RH, it is set as RH 0%, and in 
being larger than 100%RH, it sets it as RH 100%. 

[0039] Next, based on the air target humidity Ho and the hydrogen target humidity 
Hh, the humidification equipments 22 and 32 perform humidification control of air 
or hydrogen (step S24). As mentioned above, humidification control is performed 
by the duty ratio control using the passage selector valves 23 and 33 so that 
whenever [ humidification / of the air and hydrogen which are supplied to the FC 
stack 10 ] may turn into the air target humidity Ho and the hydrogen target 
humidity Hh. Hereafter, it carries out by repeating the control loop of the above- 
mentioned steps S13-S24. 

[0040] As mentioned above, an internal resistance value is presumed according to 
the condition of a load, and it becomes possible by controlling the amount of 
humidification of gas based on this internal resistance value to always make the 
optimal the moisture condition of the FC stack 10 interior. Thereby, an efficient 
generation of electrical energy is attained. Moreover, since the moisture content 
inside a fuel cell can be lessened, the starting nature of the fuel cell at the time of 
low temperature can also be raised. 

[0041] In addition, the hydrogen target humidity Hh, the air target humidity basic 
value Hbo, and the predetermined values alpha, beta, and gamma are values which 
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can be set as arbitration according to the class of fuel cell etc. 
[0042] (The 2nd operation gestalt) Next, the 2nd operation gestalt of this invention 
is explained based on drawin g 9 . It differs in that the humidification equipment 32 
with which the **** 2 operation gestalt was prepared in the hydrogen path 30 as 
compared with the above-mentioned 1st operation gestalt was omitted. The same 
part as the above-mentioned 1st operation gestalt attaches the same sign, and 
omits explanation. 

[0043] Drawing 9 shows the whole fuel cell system configuration of a **** 2 
operation gestalt. As the above-mentioned 1st operation gestalt explained based 
on drawin g 5 and drawing 6 , the output of a fuel cell hardly receives effect in the 
humidity of supply hydrogen. For this reason, as shown in drawin g 9 , in the fuel 
cell system of a **** 2 operation gestalt, humidification equipment is not formed in 
the hydrogen path 30, but humidification equipment 22 is formed only in the air 
path 20, and humidity control of the FC stack 10 interior is performed by 
controlling the amount of humidification of a supply air. 

[0044] In the FC stack 10 interior, since the moisture by the side of an air pole 
diffuses the inside of an electrolyte membrane in a hydrogen pole side, the 
conductivity of an electrolyte membrane is kept to some extent large by such 
configuration. Therefore, the same effectiveness as the fuel cell system of the 
above-mentioned 1st operation gestalt can be acquired also by the configuration 
of a **** 2 operation gestalt. Moreover, according to the configuration of a **** 2 
operation gestalt, simplification of a system can be attained. 

[0045] (The 3rd operation gestalt) Next, the 3rd operation gestalt of this invention 
is explained based on drawing 10 . As compared with the above-mentioned 1st 
operation gestalt, as for a **** 3 operation gestalt, the setting approaches of the 
air target humidity basic value Hbo differ. The same part as the above-mentioned 
1st operation gestalt attaches the same sign, and omits explanation. 
[0046] Drawing 10 is a flow chart which shows the configuration procedure of the 
air target humidity basic value Hbo, and supports step S1 1 of drawing 7 explained 
with the above-mentioned 1 st operation gestalt. Hereafter, based on drawing 10 , 
the setting approach of the air target humidity basic value Hbo in a **** 3 
operation gestalt is explained. 

[0047] First, based on signals, such as accelerator opening, accelerator opening, 
the vehicle speed, and a brake, the demand electric energy Pr needed for car 
transit is detected (step S1 10). Next, the current density Ir required since the FC 
stack 10 outputs the demand electric energy Pr is computed (step S1 1 1). The 
need [ of receiving the demand electric energy Pr ] current density Ir becomes 
settled uniquely according to the class of inverter 1 1. 

[0048] Next, it judges whether the load to whether the need current density Ir is 
over predetermined current density and the FC stack 10 is a heavy load, or it is 
low loading (step S112). The predetermined current density which is the reference 
value of whether it is a heavy load or to be low loading is the value which can be 
set as arbitration according to the class of fuel cell etc., for example, as shown in 
drawing 12 , it can be set up with 0.3 A/cm2. 

[0049] Consequently, when the need current density Ir is over the predetermined 
value, the air target humidity basic value Hbo is set for example, as RH 80 to 100% 
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(step S1 13). On the other hand, when the need current density Ir is not over the 
predetermined value, the air target humidity basic value Hbo is set for example, as 
RH 20 to 30% (step S1 14). It is the value which can also set these values as 
arbitration according to the class of fuel cell etc. 

[0050] Thus, Ho can be made into a quicker suitable value whenever [ air target 
humidification ] by setting up the initial value of the air target humidity Ho low at 
the time of low loading, and setting it up highly at the time of a heavy load. 
[0051] (The 4th operation gestalt) Next, the 4th operation gestalt of this invention 
is explained based on drawing 1 1 . As for a **** 4 operation gestalt, the 
configurations of the humidification equipments 22 and 32 differ as compared with 
the above-mentioned 1st operation gestalt. The same part as the above- 
mentioned 1st operation gestalt attaches the same sign, and omits explanation. 
[0052] Drawing 1 1 is the schematic diagram of the fuel cell system of a **** 4 
operation gestalt. The same part as the above-mentioned 1 st operation gestalt is 
omitting illustration suitably. 

[0053] As shown in drawing 1 1 , with the **** 4 operation gestalt, the injector- 
type gas humidification equipments 24 and 34 are formed. Pure water is supplied 
from the pure tank 14, and the injector type humidification equipments 24 and 34 
inject water in a gas passageway 20 and 30 based on the control signal from a 
control section 40, and they are constituted so that it may humidify in gas. Based 
on the air target humidity Ho and the hydrogen target humidity Hh, the moisture 
injection quantity is controlled by the injector type humidification equipments 24 
and 34. 

[0054] Responsibility becomes possible [ performing highly precise humidification 
control ] well more by using such injector type humidification equipments 24 and 
34. 

[0055] (Other operation gestalten) although controlled in addition by establishing 
the bypass paths 20a and 30a in the bubbling type humidification equipments 22 
and 32, and carrying but duty ratio control whenever [ humidification ] with the 
above 1st - the 3rd operation gestalt — not only this — for example, humidity 
control can be performed also by adjusting the temperature of the humidified gas. 
By raising gas temperature, humidity can be made low and, specifically, humidity 
can be made high by lowering gas temperature. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram of the fuel cell system of the above- 
mentioned 1 st operation gestalt. 

[Drawing 2] It is the expansion conceptual diagram of the fuel cell of drawing 1 . 
[Drawing 3] It is the expansion conceptual diagram of the humidification equipment 
of drawing 1 . 

[Drawing 4] It is the property Fig. showing humidification control of a humidifier. 
[Drawing 5] It is the conceptual diagram showing the migration condition of the 
moisture in the interior of a fuel cell. 

[Drawing 6] It is the property Fig. showing the relation of hydrogen humidity, air 
humidity, a eel electrical potential difference, and current density. 
[Drawing 7] It is the flow chart which shows humidification control of the fuel cell 
system of the above-mentioned 1st operation gestalt. 

[Drawing 8] It is the property Fig. showing the relation between demand power and 
internal resistance. 

[Drawing 9] It is the conceptual diagram of the fuel cell system of the above- 
mentioned 2nd operation gestalt. 

[Drawing 10] It is the flow chart of the fuel cell system of the above-mentioned 
3rd operation gestalt. 

[Drawing 1 1] It is the conceptual diagram of the fuel cell system of the above- 
mentioned 4th operation gestalt. 

[Drawing 12] It is the property Fig. showing the relation of the load to a fuel cell, a 
eel electrical potential difference, average current density, and the humidity of the 
air supplied. 

[Description of Notations] 

10 [ — 22 A gas transfer unit, 32 / — Humidification equipment, 40 / — Control 
section. ] — A fuel cell (FC stack), 13 — 20 An electrical-potential-difference 
current detecting element, 30 — 21 A gas path, 31 
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^BB2 O O 2-2 5 2 O 1 1 



*>&tL< aUOS^K (2 2, 24) 

ffiE«S*4*;fe (1 O) rottj*j*EEfiSfc«fctfttJ;fci*3itte£ 

«m-r-5«E*3ff«tti^s d3) t. 
m^mnnm d o) i=*r*-4S3R*2i« (p r) 

fIE*E«3it«aj^S (13) l-T^aiLfcMEtii** 
EfiS fc «fc tfMC th 1i «3Stfit fr* #«> t, *i * fHE«8*4«* 
(1 O) <OWffl!«affi (Rp) tl-S^T. lfflESm 

**> do) \zm&ziM,&m<oiB&mi : wwrz>&m 

SS (4 0) <t ^li^ci £te«£*4*»*;l!i->X J r 
A. 

[Sf5jt>S2] Hll5*<JfflSP (4 0) l±. ffllB«*4«* 
do) ir«ji&$H.6»*a)jipjgS*<eS*aSSi-«£^ 

(P r) lzfclt^flilfB*8*4m5fe (10) <7>rt8M£fitS«il 
11 (Rr) lc*f-r-SfflSHWSP»tafiS (Rp) ©JtA<RffS 

A. 

[W*J13] HtrlE«H»ffl5 (40) i±. HrreS3fc«:*i* 

(P r) (D^b* (AP r) A<8f3££'(b:*£fflx.-C^4 

[1**314] M8E$i]^ (4 0) it. ftrSEftm«;fe 
(1 O) *<HilKg3fc«+J«: (P r) i&tti+J-r-5fctf)l-j& 
5££*i.4liirEJi!mm;fe (10) 0*35«SA<BiS*35 

flE£lHx.-Cl^ttl*»dl=J£«L-C\ SF8HB«ftlSSa>*] 

Jans* h < s^-r * z 1 & nmt -t 41**11 1 l 3 

[i*#JS5] 1frlBttlS^Stt^>^Wlrffi'K*^fc7K 
lc**x^iijft*-a:*/<^'J>ySCCD»l;13Sa (2 2) T? 

ibor, fitrffi»i;as» (22) i«iream*ft do) 

1= £ *l * &S5 )!>< hu E to SS» £ / W / <X T< * 4 / W 

/<x*§is (20a) ^fiix-cfcy. 

HiJEttPSIl (4 0) l±. S3E&**MitrEaai!3£K (2 
2) ^fflja-r^atlHirfrE/W AxjSK (2 0a) £ifi 

?wr s c <h $*#a«br *it^ 1 tft^ l 4©LN-rtL*M 

[»*iS6] m&to&^mt. fiE«*4«jfe do) 
**i*II*i=***»r 4 > v x ? * 5ta>*;1 

SI (2 4) -Cfc-oT, 

neM»« (40) i*. iirE»D;i^a (24) <d*#w 



4I*#fli 1 ttl*L 4tDt\-r^AM -OICEKO^ 
[0001] 

[0002] 

-f 4fctf><D7Mt*fc«fctfK3li* (£S») £3*UiU C 

CO 00 3] #6*l$rztel+4J!!5^«jftrortS|l}£tal±. « 
^*5tertaia)*«KBI<7);-aseicK*-r 4 Z i: *t*n 6*1 

ici*. wg»»taA<^# < y«»*a&rti^fei+4«*l» 

«5fel*igBa)Sa*«o^S36<fc4. 
[0 0 0 4] 

C*WA<»giL«k5i:-r4Se] tC?.^ 8ittT?l±« 

»«jfei=«iss*i4**te*tfffi«i=>!fr4»a*©iH 

l-S-TL-t. «»«Jfert«B©*»A<^£fe4L>l*a*li:<e 
4*-&A^fc4. 

[0 0 0 5] 01 2li«»**l=»r4ft#. -b^U* 

T«K*4*5l!l<7)ai* fc«i:U:*«3a^*<«T-r 4 1 U a FpIB 
A<fe4„ 

[0006] St. 7K»A<ia«it?fc4a-&i=i±, 
«t Lfc y . «awi=tet^ra»a Lfc7icA<a^-r 4- 1 

[0 0 0 7] **B^|±. ±GMMl=ft4K «E^*j)!lrt 

*Ki^*Jtfe*>XTrA*tS«-r 4 Z t * S Wir-T 4. 
[O O O 8] 

[^a$(B*-r4fcto<D^IS3 -hESM*»filc-r4f= 
tf>. 1 l-EK©36fflT?l±. *fgi:S3Ri:^«S«b 

^KJs$-t*-T*«i*;u*£*±*-t*4*»ma! (i 

O) *«^4«*4«^->X-f-AT-fcoT. «*4«* (1 
O) lztt*&*+i4**te«fctf»«a>a*'><i:<i:t.»* 
*JnjS-r4iPa#S (22, 2 4) «R*4*JBl (1 
O) <Dai+J«IEfflfcJ:l/ai^*5SfilS^aj-r4«IE*3S 
«6tH¥fft (13) (1 O) |:*tt4I*t 
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(P r) t. HE«3S^tb#S (13) IZT^tUL 

tz & -h mJEMfc J: tfttS * «3ttt #«> aaaa 
(1 O) (DrtgUSfitflt (Rp) il=»-3ivc. «S*4m* 
(10) lrttiis&$4xSK*<0APjlS^$iltai-r**Jj»gS 
(4 0) t*fa7LZ>^LZtt®Lt LT^S, 
[0 0 0 9] Z<D«k5l-. ^mSife (1 O) 

#m*is (p r) ®;Wn%> ci o) rortspfitaii 
(rp) \~&rs^Tmma>mM&z%m?hz.t[z& 

y. »»a& (i o) Wgpa»a<KH^aJ;Ij@S^S®tt 

[oo 1 o] *fc, awia d o) <Drta!fimiiA<* 
(p r) icfcit-sa&aa do) o)to&&tiimwim 

(Rr) lz»-r«rt««StfiS (Rp) ©ttA<fi)T3E(i£ie 

[OOl 1] Sfc, JK»e5fe©aSSHlA^#L^»^, 
«a«ai=*tt-*a#aa*«>*»*«**l* 

«^ira**4«;fertcD*»j&<*£-r 4 <t A^fj. a*a3 
i=E«©*wei*. w&num (p r) (o^bg (ap 

Jg£f5r£fiIiiap;*-fc!-T:i*.So 

[0012] *fc, gS*«4izgBa©f6Wri*. »)»fiP 
(40) I*. a**& ci o) *ts*«;*ia cp r) * 

«*«aaa»««Sail.Tl**»*(=l*. a'9K&&fi<Br 
[0 0 1 3] C<7)J:-5I-, ffiftB«in3ffi©*D8H!£, 

<t -e s ssi a aapaa * cb y a < a« &ai=-r s c t a< 
-c-#&„ fcis. ^mife d o) «>«**Sf=ft*.T. 
**uraf=»*aB#aaai::*-3ivcBaiDaa«>to 
»a*R5£LT*«fci\, 

[0 0 14] Sfc. *0;1^SI*, g»*«5lzEK©«^ 
/<7y>?5£a>2natta (22) £ai*«::J:fit-c*. 

fc*lM±. Ei^6|zS5itc0f|B^cD<}:5l=. 
(IO) l=«!6**i*||«l=**g«rt-*-05?x^* 

3t©Jjpaae (24) Sffl^scttf-etl.. 
[0 0 15] fcfc\ JiE#^S©iS5IIII*3©ff^l±s 

[0 0 1 6] 

[f6?B0>IISSa>iKSI] (S1 1 XSE»aB> KIT, *#£BJ© 

m 1 urn^si* a 1 ~® s izarsit-caa-rft. *m 1 
mm^mtt. a««a$'XT.fc£a»aa*aafcLT 
afTT*aaie»» (aaaaaa) i=aiBLfct,a>-e 



[OO 1 7] 01 (4, Sgt£»JS©«SBjft->^ J rA©^ 
*»«**>Xt-AI4. 7kiRi:K5RA:roaaMb^Sl6*iPJ 

fflLTa**«±-r*«»sjfe (fc^7*i 1 of 
a. 

[OO 18] FC^$ 1 OT'I*. !UT©7k^tKm 
fl>aSHb*KJ6jWE = yafta:*;u*36<»*r«. 

(^affii]) H2-*2 H++ 2 e~ 

(jEaa) 2H++1/202 + 2e--»H20 
FCX$y9 1 0I4. •<>/<— $ 1 1 Af>05SLfcl*2& 

*&«a>*aaai=*4i * fltig-r a * 5 i=«a * *it i> 

5. 1 114, FCXji^f 1 o^bt^Six 

fca«asts3Eaa*i=««LT*ffa*— » <*a) 

1 2l=:fl«SU 1 2£ ffiHjLT^*. S2I4&*4 

BJfev-X-rAlcfcl+^FCX^^f 1 0©mE^3it^ai 
SP©ffi>C@T?fey, @2l^^-rJ:5l-FCX^ 1 O 

izf4. fcx?«^ 1 o©ta*affafc«fctfai*a3ia 
f^im-r-smiEmss^imgpi 3A<isitb*i-cL^„ 
[00 1 9] gi3 14. «»aa*>^-ri*i=*ii+«if^« 

irAici4. Fcx^-y-i7i omnti (iEa) ai^aa 

(HX) £«&T*fctt©£mi!£S&2 Ot. FC^5>^ 
^ 1 oro*mtl (fta) ar=*a*«IM-*fc»fl!>*a 
aB3 0«tKlt&4vcl*&. afta»2 0l=liaaa& 

gt2 i«nftit64i. *aa».3oi=i4*aaaaa3 
i£aftEEaaa>aaa (^xi±$ga) ffflL^^^tA^-e 

*^«*&ga3 1 t LTI4, CiJS.l47K^Si3lSga 

[00 20] *awFi=fcM+sasi-ib^sjs©fc«)i=. f 

OP«3©mfi¥MMS*»$^A/fc*;a^«SII= 
Ltfc<MA<feS„ COfctf), ffiaiJS»2 0|z-l45Sai 
lziD;-S*fT3fctf)©*P;a^e2 2A<|gl+P,*l.T^^ 0 |^ 

mz % *a«»3 oi=i4*aiiipa*ff5fcto©3«iss 

13 2^i6lte>HTL^-So H3lr^cfc5l-. 1 * 
JS^a-CI4. MSS2 2, 3 2IZI4, •S'X7M©7kir 

tfasaad-STtta-rs/ttry >?«2o2nattB£ 

[0021] c^p,©jjaa^M2 2. 3 2iz«fcy. m% 
m&2o & aa-r ssnfej; 3 o ^ aja-r s 

7k^l-iPSA<ft^+L. FC^7i?1 0lcl4J)PaS+vfc 

1 orttti*aa«a-cfta.-r* = A:ta*. 
[0022] $si sga»a©a»a5fe at?(4, 
E3i-*-r«fe-5ic. agaa»'2 0fc«tt;*aaK3 01= 



(4) !$Bfl 2002-25201 1 



I*, **ve : *U]QS3£«2 2, 3 2©/^UgB2 0 

a. 3 0a)l<Sl+b*lTU4. *H : ?tlO>1SZ.f&1&2 
0. 30t/<-f/Ug»2Oa, 3 0 a irffl^KSC 

I*. 5ftB«J»#2 3. 3 3*<&l+c>;h/ri^., 35I5«IS 
#2 3, 3 3lt /<;u^>-e**^.^»]S^*2 U 3 

1 flH=3KU '*)\,7*?-<*lS*£/U 'i*M&2 0 a. 
3 o afflir3Sf<fc ; 5l::«j$;*;h.-ci^. 

[0 0 2 3] iajS3£»2 2, 3 2l=J:^Safe 

7f 1 OI=«t*&**tS**X(Dttl;l«$iJfflll±. 3SI&«8# 

2 3. 3 3$fa- f-fttiMlPU ^A<»Sgl2 
2. 3 2 £/W /<*ii!&2 O a » 3 O a t £B# 

[002 4]B4ltli1»|t22. 3 2©1M»BiWH-e 
$>•&. H4 (a) l±@Sft]ggH r (%RH:ffiJta 
j£) ir/Ol^Tl-Vra.— -r-f D t (%) irWllGI*^*) 
»SLfc?7^y, H4 (b) li/^u^Kf^S^T 

P (8» t/^U^>BtrflT o n (B» i©KI«^*L 

T pl=telt*/<JU^>B#BBT o nO)ty-&-efc*o 04 
(a) (D^-y^li»lSga2 2. 3 2 0>a3S^l3fi£o-C 

[0025] 0 4 (a) a>-7-v^t.S«*PSfl[l-4£-^ 

T p|-»-T'S^^^>^rBlT o n£Ton=TpXD 
t/1 OO (8>) X'tfUbZ* 

[0026] 05iiFcx^<v^ 1 ortasizfci+Sjkfl- 

V? 1 Of>?S5T?li. O c «|(07k»A<««Jtl8l1 

0 b*££Sl«1 O c<Mfrt>*3(HI1 O affl|Zffi»-r 
-S. =©*»tt*l=J:y, tSS1 1 Ob(De3i*A<fc 
< uttSS. 

[0 0 2 7] 06I4, £SlS3gA<1 0 O%RH0>l*-&IZ 
felt -5, TKfftSS (%RH) . «3Sffi& (A/c 
rr.2) . *-feJU*E (V) LT^S. 0 6 <fc 

¥. «35ffi*<!:-b;U«E<Dl8«l±, *StSg© Stole 15 

[0 0 2 8] fito-C. ^9ll3lltli»tta>tt»*3fe^T- 
A-ei*. **a>*];1*£*I;*i«i£U *l-^Si©iiDS* 
£#J1»-f S^T*, FC7^«^ 1 oflfliaaatms 

[0 0 2 9] *^tefl*!6cD«#*fti>x^Alzl±&fll|iiJ 
i»£fr-5$WSfl (ECU) 4 Ojb<f&ltt>;h.-Cl^„ frJfSj 

4 1 i:, SS»lS«lc3t^^r**XttlS«*®l«S|l^5»a 
•SlftjtfpfiM 2«fl|^rt^. M»»4 0l=l*. fti??i 

^ i 1 . #*1RlftBB2 1,31. 3ti$ttli# 



2 3, 3 3«l=««p«««tUA-r«J:ai=«l£^4lTl« 
[0 0 3 0] ±fH«R!t(OSS««a!l->X^Aa>^«| 

[oo3i] *-r. *s©isagHhSssL 
•^sio) . 3g«©e«as**ffl[Hbo$s£-r-5 

Uf -;?s 1 1) . MlffaSH h*«jtl±2 o% 
RHI=R£U ffiftBVMWtttH bo £013.113 0 

%RHicKs-r<So 2ft@«as»iEttH f bantam 

ffi^ Olzift^f (X-r-v^S 12). 
[0 0 3 2] auz. r^-feJUHft, *3S. 

£&fcbf 6 Uf«^S 13). 3SS(0S*«1*P r 
(t) £tt@tl«|Bt)<DK**AP r (t-1) t©fA 
PrifSHiL Uf-;7S14) . g**7J<D£<b*A 
PrA<BrSfitaf (#Jx.l£5 kW) £jB3.TL\$frSfr£ 
tiJ^-f-S Uf";7"S15) „ ^fctJ^, FCXJt/f 

[0033] crotSS. S*«7aro^b*AP rtfififfi 
i=j:y fc^-^ 1 oa>a : SErotb73«EElivpfcj:u: 

tb73*3£fii I p£&aiL Uf'^S 1 6) . FC7$ 
7^10fl)l6©l«jSfiftfflRp*. Rp=Vp/lp 

•^jta-r-s (^.x-v^s 1 7) . 
[o o 3 4] lExf'^s 1 3-etttBLfc®^ 

«*P rC:fcl+£FC 1 OrortSBSi/tSfptgR 

r £*#>£ (X^f'V^S 1 8) . @8I±. gjfc«2lP r 
F «y>7 1 o<ortSB«6tfiSR r <h(*>B§«£ : *tf>K: 

filR r £*#>&. 
[OO 3 5] SScoWSSatrifitR pO)5^«*P 

(«^.l*1 10%) ^ie^.rt^•5A^SA>. Rp/Rr^ 

/s-cfc*^s*^**ij£-r* (xt«v^s i9)„ -r<ct> 

SfixS^fiSR rlcStL-C. JEBonflMCKIlRp**;*:* 

[OO 3 6] zro*gm, l^geataS^fiSR rlc^LTH 
B©«S|iaStttRp3b<l9r^aJUJt*#LM»*l=l*. fc 
1 OF«^(D7k»*A<TSL.TL^Si:^t£^^^•5<Z) 

%RH) fc'lttSJia*-1±-5 ttf";?S2 0) „ 

[0037] Mssamsi^fifiR r izst Ltasro 
rtSBeffifiiR p tfpjr^fiij; y/h*iMi*i=tt. f 07$ 

1 OWfl)*^*l±^SLT^'SL>tjt^$*l.^© 



(5) 
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■a--!) (X^r-v^S 2 1 ) „ ±iEXTT-y^S 1 5 7? 

let. l^«ll-^agSilM*fiiEfilH f boSBfSlrfc* 

i+M'>£i±s. c*Li=«ty. XT«v3fs2oi?iiJn*-a- 

-5 £9Un9S*t*IKI=iM;tt- £ 05 £ KU Jh-r Set t<X # 
[0038] Jfcl-. M^glgliHo^. g» 

©fPA^Jfcto-S (Xf->?S2 2) „ C05£S@*H;tg 
Ho(z±TI®<l^iSS-r-S Uf"^S2 3) „ ^ffcfr 
*». ^aiflSH oA<0%RH«fcy/h$LMi^lCliO 
%RHlZiaSL. 1 0 0%RH,fcy;*:£lNi§£-!cli1 0 

o%RHi-is^-rs„ 

[0 0 3 9] JfcfZ. SaiiStHofcJ:lf*I|gI 
hlzS-dU-C. *D;M^®2 2. 3 2 |z J; y 

^i*7k^o>jin;i$ij®$^5 Uf7?s2 4> „ m-Mm 

*Htg^jg&H h kt£Z>£?\z'fit>tL&o JUT. ±.IE* 

^>v^s i 3~s 2 4roftnauu— ^^^yiSLffo. 

[00 4 0] JU±OJ;5lc. ftffiOttlglcfSCTrtgPft 

[oo4i] &fc\ TKms^asHh. sftgffa&s 
*iHbofi*tf0rStor. /s. ri*. *»«ifia>a»i 

[0 0 4 2] (m2HJ£^SI) *ft^©352Slli6 

»ffl*H9i=*-3ivcBMii-*-*. *m2gtsEff?ssij. ± 

E*l*lt»J6l=tf:ttLT» *J?t*I8&3 of=ttl+&*iT 

[oo4 3] H9i±. *m 2 •gmMmn&nw.ft.^*^ 
7K^ig8§3 oiz&mmmmzm+ir, ffisusiftzoizo 

tt'FCX$';9 1 OI*lg|S05;gj£*l]$P£fto-Cl.*-5>o 
[0 0 4 4] C05<fc-5>ti:}8j£(c«fc-3-Ct. FC7$»;^ 

1 O rtffl!T-iiffiftffi«o!>*»A<a«SK+ 



[0045] (»33gJ£«*SS) *5BIB<©gS3||lfi 

[oo4 6] hi oi±^ma^;Mjga*fiiH b 

^-v— h-efcy, -tern i mmmmx 

hi oi=»-5i»r. *m3Hts^giictei+5^ftaiijg 

[0 0 4 7] r^-biUBSfi. T£-fe;i,B3£* ^ 

^•5s*m73fip r £&tu-ra uf-^s no, 
toi-j&g&msssa i Uf«^si i 

[oo4 8] jkiz, ^msstsa i r *<pjr^ms5S5a^ 

mic^-e#^ffl-efey. 0ijx.f*Hl 2 -5 1= 

O. 3 A/cm2i:lftS-r-5>Ci:A<-t?#-5. 
[0 0 4 9] C05*SS. &9M19E&ftI r A<f9r5EfiS£i8 

8 0~ 1 O 0%R HlzSfe^f £ (X^-V^S 113). 

li. £mglI;1JtS*<aHbo£#iJxl*2 0~3 0%R 
Hizl§:^r& (^fv7si 1 4) „ c^^wfiSts 
jte©iill??icrE c x a m.iz&%. x 2 $> ffi-c fe s . 
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